Caution for the routine use of phenol red - It is more than just a pH indicator.
Phenol red (PR) is the standard pH indicator in various cell and tissue culture media, as it provides a quick check for the health of the culture. PR has also been used in multiple protocols to detect cellular hydrogen peroxide as well as peroxidase activity from human peroxidase enzymes. The majority of promyelocytic leukemia cell lines (e.g. HL-60 cells) express myeloperoxidase (MPO), which may react with PR, especially as the latter is present in cell culture media at sufficient concentrations (~15 μM) to partake in redox reactions. Moreover, phenolic molecules are often efficient donor substrates for peroxidase enzymes. In this study, we hypothesized that MPO metabolism of PR via MPO-expressing HL-60 cells could result in PR metabolite(s) that could modulate cell viability. We used purified human MPO for UV-visible spectrophotometry, electron paramagnetic resonance (EPR) and LC-MS analyses to investigate PR peroxidation. 2-chloro-5,5-dimethyl-1,3-cyclohexanedione (monochloro-dimedone, MCD) was used to assess the effect of PR on MPO-catalyzed chlorination activity, and we assessed PR uptake by HL-60 cells using LC-MS analysis. Lastly, we investigated the impact of PR metabolism by intracellular MPO on cell viability (ATP, using CellTiter-Glo®), cytotoxicity (using trypan blue), and on reduced and oxidized glutathione (using GSH/GSSG-Glo™). Our results demonstrate that PR undergoes oxidative halogenation via MPO, resulting in its UV-vis spectral changes due to the formation of mono- and di-halogenated products. Moreover, a significant increase in MPO-catalyzed chlorination of MCD and an increase in glutathionyl radical detection (using EPR) were observed in the presence of PR. Our in-vitro studies revealed that PR is readily taken up by HL-60 cells and its metabolism by intracellular MPO leads to a significant decrease in cellular glutathione as well as a significant increase in glutathione disulphide formation. In spite of the latter, PR had no considerable effect on HL-60 cell viability. These results provide evidence that while no overt decrease in cell viability may be observed, PR does impart redox activity, which investigators should be wary of in experimental protocols.